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PREFACE

This study undertook the development of physical fitness standards
commensurate with satisfactory performance of identified common military
tasks. Components of physical fitness essential to performing these tasks
were first identified. From this, standard measures of physical fitness
were selected which could best predict task performance. Included in
physical fitness measurements were the EXPRES protocol, standard
laboratory techniques, and the Incremental Lifting Machine (ILM)
protocol.

Preliminary laboratory work revealed five tasks considered to have
significant fitness requirements. Suitable field tests were developed so
that performance could be quantified during the formal experiments. At
CFB Kingston, 61 males and 19 females were observed in a Land Stretcher
Carry task, an Entrenchment Dig task, and a Low/High Crawl manoeuver.
At CFB Halifax, 33 males and 11 females were observed were observed
in @ Fire-Fighting simulation and a Stretcher Carrying activity between
ship decks.

Correlation between EXPRES measurements and standard laboratory
measurements indicated EXPRES to be a reasonable measure of general
physical fitness. Physiological measurements suggested that the five
tasks examined had substantial fitness components. However, it was not
possible to predict performance in these tasks from fitness measurements
alone.

In order to establish fitness standards, an empirical model was
developed. This model gave scores for fitness variables found to be
components of task performance. Minimum scores for these fitness
variables were established by finding the scores above which 95% of the
passing males population achieved. It was not possible to find similar
scores for women.

It is recommended that the EXPRES protocol continue to be developed
and improved as a measure of physical fitness in the CF, and that
minimum fitness standards be established for common military tasks. As
a basis for this, the empirical model for males is recommended for adoption
pending appropriate validation studies. It is further recommended that
a similar approach be undertaken to establish standards for women. To
improve the predictability of task performance, it is recommended that
additional ergonomic measurements be combined with fitness
measurements. Furthermore, it is recommended that Common Tasks be
described in terms of global objectives rather than specific activities.

The report is divided into three sections. Section A, The Summary
Report, is a consolidation of findings from all aspects of the study.
Included are essential descriptions of objectives and work plan, task
selection, experimental protocol, methods, results, and statistical
analyses. Also included in The Summary Report is a discussion of
limitations of the study, evaluation of the seven common tasks,
recommendations for EXPRES, and implications of the empirical model
approach. Conclusions and Recommendations of the study are summarized
in Section AS8.




Detailed Experimental Reports are contained in Section B. In each
of seven sections, individual experiments are described fully with
documentation regarding protocol, results, and analysis. These reports
describe the fitness measurements performed, each of the five tasks
studied, and the Incremental Lifting Machine protocol.

The final section of the report includes appendices which document
all of the raw data used in the study. These have also been provided
on magnetic medium under separate cover.

This project was truly a team effort. | wish to a: " nowledge the
impetus and guidance of Dr. Stewart Myles (DCIEM) and Major Earl
Morris. In addition, personnel from CFB Kingston and Halifax and staff
of the Fire-Fighting Training School were very supportive during the
pilot studies and data collection. Daily contract management was under
the capable leadership of Sheryl French-Scott, in conjunction with
research assistants, Chris McCarley, Tim Lapp and Dan Morton. Special
thanks is due for the assistance of Dr. Gavin Reid during field studies.
And last, for the loyal and steadfast work and ideas of my collegues,
George Andrew Ph.D., Tim Bryant Ph.D., P.Eng., and John Thomson,
Ph.D., | offer my gratitude.

J. M. Stevenson, Ph.D.
November 20, 1985.
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SECTION A.

THE SUMMARY REPORT




SECTION A

Al. DIRECTIVE OF CONTRACT

Al1.1. Statement of Problem

in times of emergency, there are certain common duties which all
military personnel, regardless of trade classification, age or sex, may
be expected to perform. Based on this basic principle, the Canadian
Armed Forces (CF) wished to determine the minimum physical fitness
standards (MPFS) which would ensure adequate performance of such tasks
by all. It is this specific problem which the Ergonomics Research
Laboratory at Queen's University has been contracted to study; the
contract was issued through the Applied Physiology Section at DCIEM on
behalf of the Director of Physical Education and Recreation Amenities
(DPERA).

A1.2. Statement of Purpose and Objectives.

The specific purpose of the contract was to attempt to develop
physical fitness standards which are commensurate with satisfactory
performance of the identified common military tasks. This contract was
undertaken to assist in the identification of those tasks within the common
tasks which were physically demanding and to evaluate the ability of
EXPRES to measure the performance of those tasks. More specifically
the objectives of this study were:

A1.2.1 To identify and quantify those components of physical
fitness essential in performing the physically demanding
components of the common tasks.

A1.2.2 Based on this information, to select and/or develop field
tests of physical fitness that might measure performance
ability of these tasks.

A1.3. Work Plan.

The work plan of the contract was comprised of two phases. Phase
| was intended to meet a short-term objective; specifically to meet
deadlines imposed by DPERA for the tentative proposal of physical
standards which will apply to the existing EXPRES fitness testing
protocol. Phase Il, the long term objective but not part of the present
contract, is intended to provide a more definitive answer as to fitness
components, test protocols and minimum standards of physical fitness;
this latter objective will entail more extensive laboratory research. The
work plan of Phase | was composed of the following:

A1.3.1 Literature Survey to attempt to rationalize the relative
physical demands of some of the common tasks.




A1.3.2

A1.3.3
A1.3.4

Field Trips to CFB Halifax and Kingston for observation of
tasks and limited data collection; these data to be used in
refining tasks and developing test protocols.

Laboratory tests to simulate the selected common tasks to
be studied in field testing.

Field testing at the above CF Bases during which the field
tests (task performance), a battery of laboratory measures
as well as EXPRES were determined.



A2. TASK SELECTION
A2.1. The ldentified Common Tasks.

Seven common military tasks which all CF Personnel might be
expected to perform in time of emergency were identified and defined by
DPERA with input from various NDHQ Directorates and units such as the
CF Survival School. The tasks were:

A2.1.1 Operate one's personal weapon (eg., "Shoot to live" test);
A2.1.2 Effectively function in NBCW clothing;

A2.1.3 Carry out Casualty Evacuation and First Aid;

A2.1.4 Perform Fire-fighting duties;

A2.1.5 Execute survival, search and rescue techniques;

A2.1.6 Perform general security duties;

A2.1.7 Perform above duties (A2.1.6) with NBCW attire.

Since not all of these tasks may require a high physical fitness
standard, they were examined in light of the available literature and
preliminary testing by the research group to determine those specific
tasks which were the most physically demanding; thus, adequa*e
performance of these tasks so identified would ensure capability of
carrying out those which are less demanding.

A2.2. Selected Tasks Requiring Significant Physical Fitness.

The selected tasks, some of which were components of the above
common tasks, examined in the contract were the following:

A2.2.1 Team Land Stretcher Carry. Two-person team, using a
stretcher to evacuate a normal person (80kg.) across rough
terrain a distance of 1 km (CFB Kingston).

A2.2.2 Entrenchment Dig. Each person digging a one-person
entrenchment 6 ft. long, 2 ft. wide and to a depth of 18
in. in soil of moderate firmness with no rocks or large roots
(CFB Kingston).

A2.2.3 Low/High C-awl. Each soldier performing a low crawl (all
body parts close to the ground) for 30 m, turning 180
degrees, and do a high crawl (on hands and knees) for
45 m (CFB Kingston).

A2.2.4 Team Sea Stretcher Carry. Two-person team, while in
fire-fighting gear, using a stretcher to evacuate an 80 kg
person a horizontal distance of 25 m followed by moving
the stretcher up and down one deck (CFB Halifax).

A2.2.5 Fire Fighting.” In fire-fighting gear and using breathing
apparatus and in varying temperatures, control 50 ft. (15
m) of charged hose for 30 minutes climbing and descending
one deck (CFB Halifax).




A3. EXPERIMENTAL PROTOCOL

Based on the survey of the relevant available literature, field
observations, as well as subsequent laboratory testing, the tests to be
carried out on military personnel at CFB Kingston and CFB Halifax were
selected. This included three groups of tests.

Field Tests - comprised of the selected common tasks found most
physically demanding.

Laboratory Tests - items selected from extensive preliminary testing
comparing laboratory measures and field test performance.

EXPRES Test - the standard test battery currently applied in CF,
and administered by trained CF personnel in the present con:ract.

Details «f the field and laboratory test items, as contained in the
Queen's University "Individual Subject Materials" (Appendix A), were
provided for all subjects in advance of testing; EXPRES test items had
been previously described to and performed by all at their CF Base.
For convenience the test items are listed below:

A3.1. Field Tests.

The field tests selected for study have been described briefly above
and in greater detail in the contract. The three "land" tests - land
stretcher carry, entrenchment dig and low/high crawl were performed
at CFB Kingston. The "sea" tests, comprised of a stretcher carry
between decks and fire fighting, were carried out at CFB Halifax.

A3.2. Laboratory Tests.

The Laboratory test items, performed at the "Queen's" testing
station, included the following:

A3.2.1 ILM Lifting. The Incremental Lifting Machine
(ILM), previously applied in testing of military personnel,
was employed to determine the maximum lift to heights of
six feet (ILM-6) and five feet (ILM-5); the protocol
followed had been developed in an earlier contract. The
test is a measure of strength (muscle power) and
coordination of the total body.

A3.2.2 Wingate Test (Leg). A cycle fleg) ergometer test to assess
"anaerobic" power which entailed high intensity, short
duration, supra-maximal work. Computer assistance was
used in the data collection and calculation.

A3.2.3 Wingate Test (Arm). An arm ergometer was employed in a
protocol comparable to the leg test (above) as an indicant
of upper body "anaerobic” power.

A3.2.4 Skin Fold Thickness. A simple, indirect estimate of body
fat was determined using the skin-fold caliper.




A3.2.5 Flexed Arm Hang. The body mass was supported at a fixed
hanging position,with arms bent, chin above bar level until
fatigue. (This test is thought to assess so-called
"anaerobic" endurance of the climbing muscles of the arms
and shoulders.)

A3.2.6 Endurance Grip Hold. This entailed sustaining a grip at a
fixed intensity for as long as possible. (As for the above,
this test is considered to reflect "anaerobic" endurance of
the hand-grip muscles.)

A3.2.7 Maximal Aerobic Capacity (Predicted). The
Astrand-Rhyming protocol, employing a 6 minute
sub-maximal workload, was performed on a cycle (leg)
ergometer. (This test is a predictor of "aerobic"
endurance.)

A3.2.8 Venous Blood Lactate. Lactate was determined after the leg
ergometer test (A3.2.2), the Low/High Crawl and following
the sea stretcher carry. This measure of the "anaerobic"
energy expenditure during these tasks was compared to
subjects’ maximal lactate values determined during the leg
Wingate test.

A3.3. EXPRES Tests.

Four items are contained in this battery: timed number of situps
ara maximum number of pushups as measures of muscle "anaerobic"
power, the Canada Fitness step-test as an indirect measure of "aerobic"
capacity, and combined left and right maximal hand grip score.




A4. METHODS

The specific test items carried out were described above; this
section describes the design of the testing and matters relating to data
processing.

A4.1. Subject Selection.

On a directive from DPERA, a population of military personnel were
selected from Kingston LandOps, Kingston Support Personnel and Trenton
Peisonnel to conduct the land aspects of the study. The population for
the sea components of the study were selected from the Halifax Shipboard
and Land Personnel. In all, 132 subjects (33 women, 99 men) completed
the testing.

A4.2. Test Sequence.

Details of the proposed testing schedule are provided in the Queen's
"Manual of Schedules and Protocols” (Appendix G). In practice, this
schedule could not be rigidly applied for assorted legitimate reasons.
Any given group was tested over a two-day period. Following briefing
on the nature and purposes of the tests, groups rotated through the four
(Kingston), or three (Halifax) testing stations. At each station, a short
teaching session was held prior to testing. In principle the testing
allowed ample time for full recovery from the previous exercise and the
two most difficult tasks were normally performed on separate days.

A4.3. Data Handling.

For each testing station, trained assistants fully versed with the
tests were responsible for conducting them. This included recording of
results on data sheets and ensuring that the testing criteria were met.
The data were then fiied on disk using on-site microcomputers for later
compilation and analysis.

A4.4. Statistical Analyses

Statistical analyses were performed to accomplish four general goals.

A4.4.1 Identification of the difference between men and women in
performance of the various military tasks as well as the EXPRES and
laboratory tests: this involved graphic comparison of scores for men and
women for each test variable.

A4.4.2 |dentification of the fitness components of each of the four
tasks in which failures occured (i.e., Land and Sea Evacuation Tasks,
Low/High Crawl and Entrenchment Dig) in terms of the EXPRES and other
measures: it was assumed that the occurence of a relatively large and
significant measure of association {i.e., a Pearson correlation coefficient)
between a task and an EXPRES or other laboratory test variable would




indicate that the fitness parameter measured by the simple test in this
relationship was also an important component in the performance of the
more complex military task. The actual analysis involved two stages:
first, computation of simple correlation coefficients to indicate a simple
one-to-one relationship between only two variables: second, computation
of multiple correlation coefficients to indicate the strength of a
many-to-one relationship. The latter was accomplished with multiple
regression (using the stepwise approach) which provide a measure of the
interrelationships between many variables, such as those of EXPRES
relative to a more complex variable such as the military tasks;

A4.4.3 Determination of the effective discriminant ability of the
EXPRES fitness parameters according to the subject achieving (i.e.,
passing and failing) individual task criteria. The EXPRES variables were
subjected to discriminant analysis. In this procedure, a linear
combination of variables (i.e., EXPRES measures) is used to distinguish
between two or more groups - in this case, the people that passed a given
military task versus those that failed the particular task. The variables
"discriminate” between persons in these two groups and predict into
which category or group each falls, based on the values of the variables.
The procedure is, in fact, two staged: first, identification of the linear
combination which best separates groups; then, application of this
function to the data to 'test' for the practical effectiveness of the obtained
function.

A4.4.4 Determination of the minimum level of performance (MPFS),
predicted according to the EXPRES score achiev.d by (male subjects only) .
who attained the task criteria. This was an empirical method (completed
for male subjects only due to the very small number of women in the
sample) in which the lower limits of the 95% confidence interval and 99%
confidence interval were calculated for the mean of each of the EXPRES
and other "predictive" test variables.




AS5. DESCRIPTIVE RESULTS

The data is presented below under five headings. In this section,
each component is dealt with separately, without reference or relevance
to other data; in the section following, inter-relationships between
variables are examined.

A5.1. Physical Characteristics of Subjects.

Mean, standard deviation and range values are presented in Table
Al. Thirty-three females and 99 males completed all tests. Mean ages
for both the men and women were in the mid-to-upper 20's, however, the
subject population ranged from 19 to 51 years. Values for height, weight
and body fat were in the range of expected normal values.

A5.2. Population Distribution by EXPRES.

Distribution of the subjects on the basis of EXPRES percentile score
are shown in Table A2. The preponderence of scores fall at or above
this "minimum” fitness score in all variables for both men and women.
This would place the subjects in the upper half of the expected normative
distribution when adjusted for both age and gender. This indicates a
non-randomized distribution in subject selection and suggests that on
average the present population would be considered above average in
physical fitness, according to EXPRES variatles.

One implication following from this "natural” selection (i.e., the more
fit will volunteer more readily than the less fit) is that both task
performance, and other fitness-related variables measured, would be
biased, thus rendering prediction of an MPFS on the basis of these data
hazardous.

A5.3. Summary of EXPRES Tests.

Table A3 includes mean values for the four items contained in
EXPRES. Measurements of a fifth variable (i.e., chinups) were made
but preliminary analysis of these limited data indicated no improvement
with addition of this variable as a predictor of performance; thus, these
data are not included. Raw Scores, rather than percentiles, are
presented in Table A3; however, because of the age distribution of the
subjects, a single mean percentile score is of limited value. When the
mean values for the group mean age are expressed as a single percentile,
for all variables the values are well above the 50th percentile (i.e., 60,
85, 85 and 65%ile for MV02, Combined Grip Strength, Pushups and Situps
respectively for men; corresponding values for women were 75, 90, 95
and 90 %ile). These data indicate furiher the inherent bias in the present
subject selection process.
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TABLE 1. Summary of Physical Characteristics of C.F. Personnel in Study
for Minimum Physical Fitness Standards. (Means, Standard
Deviat ons, and Ranges®)

SUBJECT AGE HEIGHT WEIGHT BODY FAT
POPULATIONS (yrs) (cm) (kg) (%)
FEMALES

Kingston (n=21)

Mean 25.6 165.0 61.8 24.7
S.D.(+/-) 4.7 4.3 9.1 6.3
Range 21-37 155-173 49-92 14-38

Halifax (n=12)

Mean 25.7 165.5 61.4 27.4

S.D.(+/-) 5.1 6.4 5.1 4.4

Range 21-28 154-174 52-72 22-37
MALES

Kingston (n=63)

Mean 27.4 173.3 77.7 16.2
S.D.(+/-) 8.7 16.0 14.9 4.5
Range 19-51 155-196 49-101 6-33

Halifax (n=36)

Mean 29 173.8 76.4 19.2
S.D.(+/-) 7.3 18.0 9.4 5.0
Range 21-40 83-188 60-98 9-31

! Range values rounded to nearest whole number.




TABLE A2. Population Distribution by EXPRES Percentiles.

TEST KINGSTON HALIFAX COMBINED
VARIABLES MEN  WOMEN MEN  WOMEN MEN  WOMEN

OXYGEN CONSUMPTION

(ml/kg/m)
Excellent 11 1 0 1 11 2
Good 22 9 13 7 35 16
Minimum 23 7 i7 3 40 10
Below Min. 2 1 3 0 5 1
Poor 0 0 1 0 1 0
COMBINED GRIP
(kg)
Excellent 11 4 2 2 13 6
Good 27 9 10 7 37 16
Minimum 20 3 2 16 22 21
Below Min. 0 0 3 0 3 0
Poor 0 0 1 0 1 0
PUSHUPS
(no.)
Excellent 22 12 4 5 26 17
Good 22 6 11 6 33 12
Minimum 16 0 13 0 27 0
Below Min. 0 0 3 0 3 0
Poor 0 0 0 0 0 0
SITUPS
(no.)
Excellent 12 5 1 2 13 7
Good 21 7 6 6 27 13
Minimum 22 6 16 2 38 8
Below Min. 5 0 10 1 15 1
Poor 0 0 0 0 0 0
LEGEND

1 - excellent 97 - .00%

2 - good 75 - 6%

3 - minimum 28 -7 74%

4 - below minimum 4 - 24%

5 - poor <3%



TABLE A3. Summary of EXPRES Variables in Combined Groups.

SEX MVO2 MAX. COMB. GRIP PUSH-UPS SIT-UPS
ml/kg/min. kg. no. no.
MALES
Mean 48.9 111.1 36.9 38.3
S.D.(+/-) 6.8 13.5 11.2 10.0
Range 29-61 67-148 11-60 10-70
FEMALES
Mean 37.5 66.0 41.2 39.1
S.D.(+/-) 3.5 13.4 11.5 11.4

Range 31-44 48-93 24-60 17-61




13

A5.4. Summary of Laboratory Tests.

Mean values for the laboratory test items are listed in Table A4 for
men and women with the groups combined. These items were selected
from the battery of laboratory tests applied in the preliminary testing.
For most of these tests their inclusion was intended to provide objective
measurements, such as strength and other physical fitness components,
to which both the field test performance and EXPRES scores could be
compared.

ILM-6 is a strength measure of lifting capacity. The mean values
were 49.5 and 26.4 kg for men and women, respectively; these values
fall considerably above our earlier OPSS data on students as well as U.S.
data on military personnel (i.e., 40 and 21.5 kg for men and women).
This might be expected for two reasons: The average EXPRES scores
of the present group, as discussed above, suggested either a select
population or that the use of an altered free-style |ILM protocol based
on an objective assessment improved subjects’' scores. The use of lower
weight increments for the women on our modified ILM (i.e., 2.3 vs 4.6
kg) was also instrumental in improving the scores with this gender.

Arm and leg ergometer power scores were included because of their
high "anaerobic” demand; for this reason the associated measure of
anzerobiosis - blood lactate - was also included. Values for the latter
measure support the conclusion that these tests were in fact highly
anaerobic in nature. Normative data for arm and leg ergometer, for the
present population, are not at hand; similarly, for flexed arm hang and
the combined endurance grip measures.

A5.5. Summary of Field Tests

Mean values for the five test items included in this test battery are
given in Table AS. Within each item, selected measured variables which
were found important in subsequent data analysis are also provided.
These test items represent components of the three common military tas«s
included in the present study (i.e., Tasks 3,4 and 6 see 2.1 or Appendix
A for the seven identified common tasks).

Table A6 summarizes the pass/fail results on the five performance
tasks expressed as percentage both for the preliminary study (Appendix
D) (which data was used to refine and/or develop the selected field test
items) and for the five field tests according to the final protocol. In this
regard, several points should be noted. Firstly, detailed preliminary
testing on fire fighting was carried out in order to find a discriminating
component of this task (Appendix D); this series clearly failed to lead
us to a satisfactory field test, as outlined in the workplan (since all
subjects passed). Thus, no spread in performance scores were obtained,
and for this reason, no further analysis on these data could be carried
out.

Secondly in Table A6, common test items 6c (lift and carry) and 6e
(run and shoot) were rejected as final field test items since they were
not found to be physically demanding variables as suggested by the high




Summary of Laboratory Tests for Combined Groups'®

TABLE A4.
TEST ITEMS MEN
MEAN S. D. RANGE
(+/-)
ILM TEST 6' 49.5 8.7 24-84
(kg)
ERGOMETER
ARM (kpm) 1525.2 192.9 1008-1896
ERGOMETER
LEG (kpm) 3139.7 479.9 1991-4406
LEG LACTATE
(mg%) 73.5 14.2 46-108
FLEXED ARM
HANG (min) 47.0 13.2 10-76
% BODY FAT
%) 17.4 4.8 6-30
ENDURANCE
GRIP (sec)
COMBINED 239.3 85.6 84-600

WOMEN
MEAN S. D. RANGE
(*+/-)
26.4 5.8 19-50
829.3 145.7 504-1190
2108.1 256.2 1663-2671
58.3 10.8 41-82
24.6 16.8 0-69
25.7 6.0 14-38
84.7 45.7 30-228

! Range values rounded to nearest whole number. Astrand-Rhyming data not

included.
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TABLE A5. Summary of Field Tests by Sex.

TEST ITEM MEN WOMEN

MEAN S.D. RANGE MEAN §S.D. RANGE

A. KINGSTON

LAND STRETCHER CARRY

TIME (min) 15.7 4.4 8-27 42.9 24.7 17-110

H.R. (bpm) 171.0 11.5 144-222 168.7 14.5 132-198

D.R. (m) 292.0 137.8 80-800 109.3 45.0 40-190

T.R. (min) 3.1 1.3 1-8 1.5 0.7 1-3
LOW/HIGH CRAWL

LOW (s) 50.5 7.1 24-60 78.5 26.3 48-140

HIGH (s) 40.1 3.5 29-86 70.0 51.5 46-290

TOTAL (s) 76.6 14.4 55-139 148.6 70.2 94-420

H.R. (bpm) 183.9 13.3 156-204 180.9 13.3 156-198

LACTATE (mg%) 73.8 9.4 57-100 63.9 8.7 47-82
ENTRENCHMENT DIG

TIME (min) 51.6 17.7 26-102 92.8 22.7 62-120

H.R. (bpm) 183.6 13.3 156-204 182.7 13.0 156-198
B. HALIFAX
SEA STRETCHER CARRY

TIME (s) T-1 127.4 41.2 69-233 430.0 13.9 422-446

T-2 119.4 46.4 73-221 - - ---
H.R. (bpm) T-1 159.6 31.6 114-198 170.0 11.2 150-180
T-2 165.1 32.0 150-204 - - ---

LACTATE (mgX%) 59.7 15.3 39-89 70.2 8.2 61-86
FIRE FIGHTING PASS/FAIL BASIS ONLY: ALL SUBJECTS PASSED

H.R. (bpm) 163.5 16.8 115-187 165.4 12.8 147-187
LEGEND

H.R. - heart rate

D.R. - distance to lst rest

T.R. - time to 1lst rest

T-1 - triall

T-2 - trial 2
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TABLE A6. Summary of Pass / Fail Percentages: Personnel Achieving
M.P.F.S. Performance Criteria as Outlined in the Guidelines
for Tasks which have a Physical Fitness Component.

COMMON TASKS KINGSTON AND HALIFAX FIELD TESTS
PRELIMINARY STUDY FORMAL STUDY
MAY, 1985 JULY, 1985
MEN WOMEN MEN WOMEN
3.a) Land Stretcher Carry 86% 33% 88% 11%
b) Ship Stretcher 100% 33% 100% 50%
4. Fire Fighting? 100% 100% 100% 100%

6. General Security Duties

b) Entrenchment Dig? 100% 33% 37% 0%
c¢) Lift and Carry 100% 86% = -
d) Low/High Crawl 66% 0% 87% 0%
e) Run and Shoot 100% 100% = =

! Test protocol modified to be more realistic.
? Soil conditions were 97% packed clay and thus more difficult than the
guidelines.
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pass rate. Thirdly, on common task item 6b (entrenchment dig) the
discrepancy between preliminary and field test scores should be noted;
this high failure rate in the final field test is attributed to the high
compaction (97%) of soil, which incidently occurred between testing dates,
May vs July, and possible other factors (eg., incidence of rock, moisture
content, air temperature etc.). As a consequence, this test item was
of limited value in the discriminant analysis.

Fourthly, there was a higher failure rate of women in the land
stretcher carry, the entrenchment dig and low/high crawl than
anticipated from the preliminary data. This occurred despite the high
EXPRES scores achieved by the group. It is clear that completion of
these tasks as presently designed was difficult for this female population,
however further data and refined tasks are necessary before conclusive
assessments can be made for women.

On the basis of terminal heart rate measurements, as shown in Table
A5, the relative intensity of each task can he estimated: clearly each
task would be rated as intense. The land stretcher carry, which
required an average 15.7 minutes for men and 42.9 minutes for women,
with corresponding heart rates of 171 and 168.7 bpm, must be considered
as essentially an "aerobic” acrtivity; similarly, this would be so for the
entrenchment dig and fire fighting. The high blood lactate values
foliowing the low/high crawl and sea stretcher carry, both of which were
of shorter duration, reflected the high level of "anaerobic" involvement
in these tasks.
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A6. STATISTICAL ANALYSES

A6.1. Introduction.

The objective of the analysis of interrelationships was to determine
correlation between task performance and fitness measures. First, simple
correlation was measured between individual fitness parameters and task
performance scores. These were considered independently for males and
females. Second, multiple linear regression analysis was used to
determine whether or not several individual variables interacted and
subsequently correlated with task performance. Both these methods
tested the assumption that a linear relationship exists between fitness
measurement and task scores. Implicit in this analysis is the assumption
that the dependent and independent variables are continuous.

An alternative to continuous variable methods involves the selection
of cut-off points for task peformance. Here, a predetermined score is
used to divide the population into groups of passers and failers. In the
third statistical analysis, the variables which could best discriminate
passing and failing groups were determined. In the final analysis, an
empirical model was devised which represented the minimum fitness scores
required to have a reasonable probability of meeting passing criteria for
selected tasks.

A6.2. Simple Correlation Analysis

In the simple correlation analysis, individual fitness test parameters
were compared to task performance scores using linear regression.
Individual fitness parameters were measured as described in Section 5.
These included all of the variables listed in Tables A7 and A8. Task
scores based on total time were determined for the land stretcher carry
task, the low/high crawl, the entrenchment dig, and the sea stretcher
carry task.

The regression coefficients (r) for fitness parameters versus tasks
scores are shown in Tables A7 and A8 for males and females respectively.
Values indicated by a asterisk (*) are those correlations which had
significance above the 95% confidence limit (p < .05). None of the simple
correlations had a high regression coefficient. For the males, the best
observed values were 0.66 and 0.65 for leg and arm ergometer on the
sea stretcher carty. Females had slightly better fits in which the r value
for the entrenchment dig exceeded 0.7 for two fitness parameters.

In general, simple correlation did not provide a reliable method by
which task performance could bz predicted. However, the incidence of
several cases in which the correlation was significant provided useful
insight into the nature of the tasks. A highly significant correlation
indicates that the fitness parameter measured is, with a high probability,
related to the task being obsarved. A poor regression coefficient
suggests that a high variance cxists in the measurement of both the
fitness parameter and the task performance. Thus, while it is not
possible to predict task performance from a fitness parameter
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TABLE A7. Correlations (r) Between Performance Measures and Selected
Fitness Components for Men.

FITNESS PARAMETERS LAND LOW/HIGH ENTRENCHMENT SEA
EVACUATION CRAWL DIG EVACUATION
(n=60) (n=61) (n=58) (n=22)

1. ANTHROPOMETRY:

Age -0.15 0.31% 0.13 0.40%
Height -0.14 0.13 -0.10 -0.09
Weight -0.24 -0.04 0.01 -0.09
% Body Fat 0.05 0.34% 0.27* 0.31
2. STRENGTH MEASURES:
A. Upper Body
Combined Max.
Grip (raw)+ -0.22 0.05 0.03 -0.43*%
%ile)+ -0.28%* 0.05 0.02 -0.50%
Arn Power 0.03 -0.05 -0.01 -0.65%
B. Lower Body
Leg Power -0.3C* -0.20 -0.05 -0.66%*
C. Total Body ILX 6' -0.06 -0.23 -0.18 -0.49*%
3. AEROBIC MEASURES:
Step Test (raw)+ 0.08 -0.37* -0.05 -0.36%
(%iled+ 0.07 -0.22 0.001 -0.23
Astrand-Rhyming -0.12 -0.05 0.02 -0.04
4. ANAFRUBIC MEASURES:
A. Upper Body
Pushups (raw)+ 0.09 -0.23%* -0.13 -0.31*
(%ile)+ 0.15 -0.06 -0.08 -0.21%*
Armerg % Fatigue 0.02 0.01 -0.09 n/a
Endurance Grip
(combined) -0.24% -0.15 -0.05 -0.24%
Flexed Arm Hang 0.04 -0.08 -0.03 -0.21*
B. Abdominal
Situps (raw)+ -0.13 -0.22 -0.23 =0.44%
(Xile)+ -0.10 -0.03 -0.17 -0.32
C. Lower Body
Legerg % Fatigue -0.20% -G.12 ~0.11 n/a
D. Post Exer:ise Lactate
Post Leg Erg 0.12 0.003 0.26%*
Post Crawl -0.17 -0.16 0.10 n/a
* p<,05

+ EXPRES Variables




TABLE A8. Correlations (r) Between Performance Measures and Selected
Fitness Components for Women.

FITNESS PARAMETERS LAND LOW HIGH ENTRENCHMENT SEA
EVACUATION CRAWL DIG EVACUATION?
(n=18) (n=18) (n=12) (n=6)

1. ANTHROPOMETRY:

Age -0.16 0.60* -0.07
Height 0.31 -0.31 -0.25
Weight 0.32 0.001 0.31
% Body Fat 0.31 V.06 0.30
2. STRENGTH MEASURES:
A. Upper Body
Combined Max.
Grip (raw)+ -0.28 -0.19 -0.73*
(%ile)+ -0.16 -0.16 -0.72%
Arm Power -0.19 -0.42% -0.29
B. Lower Body
Leg Power -0.06 -0.51% -0.05
C. Total Body ILM 6' -0.30 -0.37% -0.33
3. AEROBIC CAPACITY:
Step Test (raw)+ -0.16 -0.16 -0.22
(%ile)+ -0.15 -0.004 -0.31
Astrand-Rhyming -0.42 -0.04 -0.42
4. ANAEROBIC MEASURES:
A. Upper Body
Pushups (raw)+ -0.36 -0.39* -0.64%
%ile)+ -0.16 -0.30 -0.51
Armerg % Fatigue -0.17 0.29 0.20
Endurance Grip
(combined) -0.51* -0.03 -0.36%*
Flexed Arm Hang -0.43* -0.40% -0.67*
B. Abdominal
Situps (raw)+ -0.22 -0.51% -0.52
(%ile)+ -0.20 -0.47% -0.56
C. Lower Body
Legerg % Fatigue -0.23 0.21 -0.06
D. Post Exercise Lactate
Post Leg Erg -0.33 -0.23 -0.60
Post Crawl -0.33 -0.29 ~0.53
* p<.0S

+ EXPRES Variables

! Unable to calculate coefficients due to small number of women
completing the task.
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measurement, it is highly likely that significantly correlated fitaess
parameters underlie the performance of that particular task.

To highlight these relationships, Table A10. shows the significant

correlations between fitness parameters and task performance for males
and females. The closed symbols indicate the simple correlations.

A6.3. Multiple Linear Regression

While simple correlation indicated several relationships with high
probability values among fitness parameters and task performance,
correlations were poor. The multiple linear regression analysis was
performed in order to test the possibility that several individual
parameters interacted in a way to produce a highly correlated predictive
model for task performance. Several regression models were examined
by varying the parameters studied. These included examinations of all
fitness variables, EXPRES variables alone, laboratory measurements
alone, and a forced fit of all variables which requirea EXPRES variables
to be included in the model. The process used was that of stepwise
regression in which variables were successively included having passed
a test of individual correlation. In most cases, the pass test to be
included in the regression model was a p < 0.05.

A summary of the results to the multiple linear regression models
is shown in Table A9. Indicated here are only those models which had
significance levels p < .05. An examination of the regression coefficients
for the produced equations shows little improvement over the simple
correlation case. An exception is noted in the case of the females
entrenchment dig. Here, a relatively few number of subjects provided
a high r-value. The significance level of this correlation is not greater
than the other models presented, and must therefore be viewed as a
computational artifact based on the small sample size.

Multiple linear regression provided only marginally better than
simple linear regressions. Of importance are highly significant
correlations involving up to three independent variables for the models.
As with the simple correlations, the high significance indicates that the
underlying variables in fact influence the task being measured. The low
regression coefficients suggest difficulty in measuring fitness parameters
and task performance.

To highlight these results, a summary of the significant regression
components is shown in Table A10. Both male and female results are
shown. The open symbols indicate those variables related to task
performance through a multiple regression equation. In general, all of
the fitness variables indicated for a particular task were required in the
regression model.




TABLE A9. Summary of Multiple Linear Regression Results.
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PERFORMANCE TASKS

VARIABLES

R-SQUARED

1. Land Stretcher Carry

2. Low High Crawl

3. Entrenchment Dig

4. Sea Stretcher Carry

FEMALES
1. Land Stretcher Carry

2. Low High Crawl

3. Entrenchment Dig

4, Sea Stretcher Carry

Height
Weight
Sit-ups

Arm Erg. Power
% Body Fat
ILM-6

Average EXPRES
Leg Erg. Power

All EXPRES %iles
Arm Erg. Power

All EXPRES raw
Arm Erg. Power

Leg Erg. % Fatigue
Flexed Arm Hang
Arm Erg. Power
Endurance Grip (C)

Flexed Arm Hang
Endurance Grip (C)

Max Grip () %ile
Flexed Arm Hang

Max Grip (C) raw
Flexed Arm Hang

0.20

0.27

0.53

0.63

0.64

0.82

0.87

0.93

0.007

0.001

0.001

0.001

0.001

0.001

0.003

0.001

0.001
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TABLE A10. Summary of Simple and Multiple Correlations, Significant at
p < .05. (Variables in which interaction occurred in two or
more tasks are denoted by +.)
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A S+ - - -t a7 5 ittt

FITNESS PARAMETERS LAND LOW/HIGH ENTRENCHMENT SEA
EVACUATION CRAWL DIG EVACUATION
(N=60) (n=61) (n=58) (n=22)
1. ANTHROPOMETRY:
Age e 8 @
Height )
Weight Q ’
% Body Fat ® 0 [ ]

2. STRENGTH MEASURES:
A. Upper Body
Max Grip (C) (raw)* | 1-1
88

(%ile)* |@®
Arm Erg. Power [ Y X
[

B. Lower Body
Leg Erg. Power [
Total Body ILM 6'

3. AEROBIC MEASURES:
Step Test (raw)* 9
(%ile)*
Astrand-Rhyming

4. ANAEROBIC MEASURES:
A. Upper Body

Pushups (raw)* o @ 9
(vile)*
Arm Erg. % Fatigue
Endurance Grip (C) (¢ O @ ‘ (] ag
Flexed Arm Hang ] [ X ] X
B. Abdominal

Situps (raw)* o
(vile)* ‘

C. Lower Body

®

®

®

®
Leg Erg. \ Fatigue [§ ] CC—® —4
[ ] (-

D. Lactate
Post Leg Erg. @
Post Crawl

5. AVERAGE EXPRES ] C 1
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* EXPRES Variables
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Simple Correlations ® e
Multiple Regressions o a
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A6.4. Discriminant Analysis

As an alternative to continuous predictive models, discriminant
analysis was used to separate the groups of subjects by performance.
In such cases, a required task performance score was first identified as
the cut-off score. Subjects above this value were termed passers and
those below this value were termed failers. The basis for selecting
cut-off values for task performance was that provided by DPERA for
these tasks. Thus, the land stretcher carry task required twenty
minutes for completion, the low/high crawl ninety seconds, the
entrenchment dig forty-five minutes, and the sea stretcher carry task
ten minutes.

Having obtained the passing and failing groups, the discriminant
analysis identified those parameters with scores that differed most
between the two groups. These parameters were termed the
discriminators. Based on the most significant discriminators, the
predictability of passing and failing was then determined.

In no case could the appropriately selected discriminators separate
passing and failing groups from the combined population with high
reliability. The incidence of false negatives and false positives is shown
in Table A11. A false negative is a subject placed in the failing group
who actually was able to perform a task. Conversely, a false positive
subject is one for whom fitness measurements would indicate passing but
who actually failed that task. As can be seen in the Table All. a
disproportionate number of false positives and false negatives were
produced by the discriminant analysis using EXPRES variables. In most
cases over 30% was observed in the false negative category.

Discriminant analysis failed to reveal any EXPRES parameter or set
of parameters which could be used to identify those subjects which would
pass or fail. Of note is the high incidence of false positive results.
This is a feature of the analysis since it is driven to predict failers as
well as passers. As determined by this method, no fixed performance
level in fitness tests predicted passing or failing in actual task
performance.

A6.5. Empirical Model

The discriminant analysis produced an inordinate number of false
negative predictions. Correlation models were unable to predict task
performance in a continuous manner. Thus the idea of an empirical model
was pursued to examine all of the passing subjects in individual tasks.
By this method, a description of the population of passers was obtained.
By examining the distribution of fitness scores, it was possible to
describe the minimum expected score for each parameter of the passing
population.

An insufficient number of females passed each task according to the
criteria set by DPERA to enable subsequent statistical analysis. In
addition, of those females passing, their EXPRES scores differed from
their male counterparts. Thus, only data for males were used to
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TABLE All. Classification ﬁesults Obtained from the Discriminant
Function Analysis of EXPRES Variables.

Actual Task Predicted Performance®
Performance Correctly Incorrectly
Classified Classified
n % n % n %

-----------------------------------------------------------------

Land Stretcher Carry

Pass 56 71 28 50 28 50
Fail 23 29 15 65 3 35
Total 79 100 43 54 31 46

Low-High Crawl

Pass 33 71 34 64 19 36
Fail 27 29 18 67 9 33
Total 80 100 52 65 28 35

Entrenchment Dig

Pass 24 71 11 46 13 54
Fail 56 29 37 66 19 34
Total 80 100 48 59 32 41

Sea Stretcher Carry

Pass 35 90 22 63 13 37
Fail 4 10 4 100 0 100
Total 39 100 26 67 13 33

The correctly classified passing and failing cells may be referred to
as true positives and true negatives respectively. Incorrectly
classified passing and failing cells may be termed false positives and
negatives respectively.
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determine the descriptive statistics for the passing sample. Means and

standard deviations for every fitness parameter measured in this group

was determined. Next, the value of each parameter representing the
lowest 5% of the passing sample was determined as the minimum fitness
score for the sample.

Using this method to identify passers predetermines the false
negative incidence. In the worst case, 5% of subjects able to perform
a task will be falsely identified as not being able to perform it.
However, the number of false positives is indeterminant. That is, those
subjects identified as being able to perform a task but not actually able
to do so is not known.

A summary of these results is shown in Table A12. Each of these
tasks is identified and the value of the minimum fitness score required
to achieve passing is also indicated. To highlight the EXPRES data,
Figure Al represents the passers’ EXPRES raw scores by task and
Figure A2 shows the passing groups' percentile scores. Of note is the
similarity among parameters for all tasks except the sea stretcher carry

task. In this case, the fitness parameters were generally lower for
all EXPRES measures.

To determine the appropriateness of the selected parameters for
the empirical model, the correlations shown in Table A10. were also
considered. These correlations showed that not all fitness parameters
were important for every task. As a basis for establishing minimum
standards, it was proposed that the parameters with a significant simple
correlation to at least two tasks would be used to establish a minimum
standard. These are indicated by asterisks (*) in Table A10.
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